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A CONSIDERATION OF AIRCRAFT NOISE AND STUDIO ROOF INSULATION 



SUMMARY 

The increase of noise arising from the widespread use of jet aircraft 
has led to interference with programme in some broadcasting studios. The 
actual levels and spectra of noise from aircraft and the distribution of noise 
levels around a major airport are considered in order to reach a specification 
for the sound insulation of roofs to exclude such noise. 



1. DEFINITIONS 

Several terras in common use to describe air- 
craft noise and sound insulation are defined here 
to assist in the reading of the following sections. 

1. "A" weighted sound levels (dB "A" or SL"A") 



4. Sound level difference 

The arithmetic difference between the average 
sound pressure levels in the reverberant field 
on the source side of a barrier and those on 
the far side of the barrier. 



Sound pressure levels filtered by means of a 
weighting network which is an approximation 
to an equal loudness contour for the ear. The 
particular loudness for the "A" weighting is 
that having a reference value of 1 kHz pure 
tone of sound pressure level 40 dB relative 
to 2 x 10" B N/m 2 .* For certain classes of 
noise dB"A" values have been found adequate 
to rate the noises in order of subjective noisi- 
ness. 

2. Perceived noise decibels (PNdB) 



5. Average sound level difference 

In order to simplify general discussions and 
permit the use of a single figure to describe 
the behaviour of a construction, an average of 
the sound level differences between 105 and 
3,200 Hz is normally taken. Since measure- 
ments in Research Department are taken at 
half-octave intervals in a series including 
1 kHz this range is normally shortened sym J 
metrically to be the average between 125 and 
2,800 Hz. 



A weighting function developed to place air- 
craft noise in order of noisiness. The mathe- 
matical process to convert octave band analysis 
into PNdB is tedious but an electrical weight- 
ing network used on analysis has been found 
to give an adequate approximation; such values 
would be designated dB"N". 

3. Noise and Number Index (N.N.I.) 



6. Mass law 

A homogeneous single-skin barrier is found to 
give sound level differences which increase 
at a rate of 5 dB/octave over a considerable 
frequency range. The particular value at a 
given frequency is a function of the surface 
density (mass/unit area) of the barrier. 



An index of average annoyance derived from 
the sum of the average noise level in PNdB 
and a factor relating to the number of aircraft 
producing this noise level. 

N.N.I. - (average peak noise level, PNdB) 
+ l5(log 10 N) - 80 

where N ~ number of aircraft per day producing 
the average noise level. 

* Newtons per square meter. 1 N/m 2 - 10 dynes/cm 2 . 



2. INTRODUCTION 



2.1. General 



During recent years the noise from aircraft 
has increased in loudness with the increasing use 
of jet propulsion and the greater size and weight 
of aircraft. The use of jet aircraft on domestic 
routes has meant a corresponding rise in the number 
of such aircraft using all airports and a much more 
widespread distribution of the noise over the 



country. The length of runway required to accom- 
modate fast jet aircraft has meant extensions to 
existing airports or the construction of new air- 
ports close to major cities. As a result of the 
increase of noise level, interference with programme 
has occurred in some studios and, in common with 
most broadcasting authorities, the BBC found it 
necessary to specify the sound insulation required 
to exclude such noise. 

A specification and design for a studio roof 
adequate to protect programmes from the noise of 
jet aircraft was first produced by Research Depart- 
ment in conjunction with Building Department at 
the time of the construction of a new television 
studio at Glasgow. 

In normal wind conditions, the instrument 
approach path to Renfrew Airport lies directly over 
Broadcasting House, Glasgow, and landing aircraft 
pass over at a height of about 300 m. Our limited 
range of measurements at that time together with 
■ published figures and an allowance for future 
increases in noise levels suggested that at this 
height aircra'ft might, in due course, produce sound 
pressure levels up to 100 dB in many octaves. 
Taken in conjunction with the acceptable noise 
levels for studios then in force, these values led 
to the conclusion that a roof having sound level 
differences giving an average value of 70 dB would 
be required to render the jet noise acceptable in- 
side the studio. In order to illustrate this recom- 
mendation a demonstration was arranged in a tele- 



vision studio. Aircraft noise was reproduced over 
loudspeakers at the levels to be expected in a 
studio having an average roof insulation of 60 or 
70 dB. It was felt at that time that a 70 dB roof 
was necessary and on this recommendation a double 
skin roof was constructed for Glasgow A. 

2.2. 1966 Demonstration Recordings 

Recently, during a period of financial strin- 
gency, roof insulation requirements for new studios 
were brought under review. A further demonstration 
tape was produced in which aircraft noise, as heard 
inside a studio, was superimposed on an extract of 
television drama. The drama recordings were made 
in Television Centre, Studio 1, a studio having 
ventilation noise levels following very closely the 
curve (b) in Fig. 1 specified as acceptable in tele- 
vision studios. 

The aircraft noise levels assumed for this 
demonstration were once again those believed to 
occur beneath aircraft at 300 m altitude. The 
octave band sound pressure levels are shown in 
Fig. 2 together with the sound pressure levels for 
a sonic boom which was also included in this 
demonstration. 

Four roof insulations, 60, 64, 67 and 70 dB 
were simulated and the idealised curves which 
would give these average sound level differences 
are shown in Fig. 3. A fuller description of the 
practical considerations leading to these curves 
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Fig. 1 - Permissible background noise in studios from all sources 

{d) Sound studios for Light Entertainment {b) Sound studios (except drama) All Television studios 
(c) Sound drama studios (d) Threshold of hearing for continuous spectrum noise 
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is given in Section 6. The noise levels expected 
inside a studio having each of these insulations 
were calculated by subtracting the sound level 
difference for each octave from the appropriate 
octave band sound pressure level. Recordings of 
aircraft noise and sonic booms were filtered and 
adjusted in level until they achieved the appro- 
priate value relative to the background noise level 
on the drama recording and a composite recording 



of dramatic excerpt and aircraft noise was then 
produced. 

On the basis of this demonstration most ob- 
servers agreed once more that a roof having a 70 dB 
average sound level difference was desirable. We 
were requested, however, to determine over what 
area the noise levels assumed for jet aircraft might 
be found in practice. 



3. AIRCRAFT NOISE SPECTRA AND WEIGHTED 
NOISE LEVELS 

The results of measurements made by Research 
Department and information supplied by the Ministry 
of Aviation Operational Research Branch ■ were 
used to determine spectra of noise level for aircraft 
landing and taking off. These values were averaged 
for several types of aircraft producing similar 
weighted noise levels; Fig. 4 shows the results 
obtained, 4(A) being for aircraft taking off and 4(B) 
for landing aircraft. In each case the spectrum 
used in the demonstration recordings is shown for 
comparison. 

It will be noted that at frequencies below 
1 kHz, aircraft taking off produce significantly 
higher sound pressure levels than those landing. 
The idealised spectrum used for demonstration 
purposes was for aircraft taking off and it will be 
shown in Section 6.2 that the greatest excess of 
noise level over acceptable values arises from 
such a spectrum. 



The weighted noise values (PNdB) for the 
spectra are indicated in the key to Fig. 4. It will 
be seen that this type of weighting attaches greater 
importance to high than to low frequencies, due to 
the increased subjective effect of the high frequen- 
cies. Thus, in Fig. 4(A) the BBC results are 
greater than the Ministry of Aviation values at low 
frequencies, yet produce lower perceived noise 
levels due to the more rapid fall-off at high fre- 
quencies. The PNdB value is not by itself an 
accurate indication of the pressure levels to be 
expected in individual octave bands. 

However, for a known spectrum shape, the 
weighted sound level will enable octave band 
levels to be deduced, the accuracy of the deduction 
depending on the completeness of the knowledge 
of the shape of the spectrum. Fig. 5 will illustrate 
this. Fig. 5(A) shows the idealized spectrum as 
used for the 1966 demonstration (Section 2.2) and 
the same spectrum shifted downwards by 5 dB and 
10 dB respectively. The PNdB values are also 
reduced by the same amounts. Fig. 5(B), on the 
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Fig. 4 
A - Noise produced on take off 



B - Noise produced on landing 



Aircraft noise spectra 



(a) Demonstration recording noise levels (117 PNdB) 

lb) Ministry of Aviation figures (118 PNdB) 

(c) BBC results (115 PNdB) 

(a) Demonstration recording noise levels (117 PNdB) 

(b) Ministry of Aviation figures (118 PNdB) 

(c) BBC results (114 PNdB) 
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Fig. 5 - Effect on a weighted sound level of transposing a spectrum 



A - Idealized spectra 



B - Actual spectra of landing Boeing 707 
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other hand shows measured spectra from aircraft, 
all Boeings type 707/400. Each curve is the mean 
spectrum of two or three aircraft producing the 
weighted noise value shown for the curve. The 
differences in these values correspond roughly to 
the mean shifts in the spectra but the actual shifts 
differ for different octave bands. 



4. NOISE LEVELS AROUND LONDON AIRPORT 

4.1. Ministry of Aviation Survey 1962 

Measurements of noise levels in the vicinity 
of London Airport were carried out in 1962 by the 
Ministry of Aviation on behalf of the Committee on 
the Problem of Noise. In the report of the Com- 
mittee the results of this survey were summarised 
as Noise and Number Indices, a combination of 
noise levels and numbers of aircraft which corre- 
lated well with people's subjective reactions of 
annoyance. 

When our interest is in interference with a 
programme such an index is not acceptable since 
an individual aircraft producing high noise levels 
at the wrong moment is sufficient to ruin a pro- 



duction. We were fortunate in arranging with the 
Ministry of Aviation Operational Research Branch 
to see the noise level contours from which the 
index was derived. These were, of course, long 
term averages and considerable deviation from the 
results must be expected. These average values 
indicated that the greatest distance at which 115 
PNdB might be expected was 3*2 km from the peri- 
phery of the airport in the direction of take off 
under the usual wind conditions. 

A set of measurements close to the end of the 
runway under take off conditions indicates that 10% 
of the aircraft will exceed a value 3 PNdB higher 
than the average and the absolute range found was 
± 9 PNdB. The range found under landing con- 
ditions is somewhat more restricted and amounts 
to ± 5 PNdB. 

A further result of measurements carried out 
by the Ministry of Aviation was embodied in a 
transparency showing peak perceived noise level 
contours for large turbo-jet aircraft. For a position 
immediately beneath the flight path an average 
value of 115 PNdB might be expected at a distance 
of approximately 2 - 4 km from the airport periphery 
for landing aircraft or 3*2 km from the periphery for 



aircraft taking off. On the basis of the spread of 
noise levels suggested above, 10% of aircraft at 
these distances would exceed 118 PNdB and would 
produce the noise levels used in the demonstration 
recordings. Occasional aircraft would exceed 
120 PNdB. 

Fig. 6 shows a plot of weighted sound level 
against distance from airport perimeter in six 
different directions. The level at each distance 
depends on the proximity of the chosen direction 
to a flight path. 

4.2. Research Department Survey 1966 

A survey of limited extent and duration was 
undertaken by Research Department to supplement 
and bring up to date the Ministry of Aviation 
figures. 

Six sites were chosen, three on the landing 
flight path at distances of approximately 1 km, 
3 km and 10 km from the airport periphery and three 
on the take-off path at distances of 2 km, 3 km and 
5 km from the airport periphery. Recordings at each 
site were made for periods of up to 2 hours during 
which at least 12 aircraft passed. 

Fig. 7 shows as a noise spectrum for each 
distance the maximum levels found in each octave 
band. In general the results are within the range 
quoted by the Ministry of Aviation. 

The levels found 1 km from the landing point 
of the aircraft are relatively low, possibly because 
the position was not directly below the flight path. 
This is also true of measurements taken 5 km from 
take-off, although in this case an additional com- 
plication arises as the power is cut back at this 



distance and the rate of climb reduced in order to 
limit the noise levels produced. 

4.3. Noise Levels at Television Centre 

As has been pointed out above, the ventilation 
noise levels in Television Centre Studio 1 corres- 
pond closely to those considered acceptable in a 
television studio. It is known from previous 
measurements in Studio 5, Television Centre that 
the insulation of the roof construction is no greater 
than 60 dB. If, therefore, noise levels approxi- 
mating those used in the demonstration recordings 
existed above Television Centre, complaints of 
interference with programme should have occurred. 
Since no such complaints have, in fact, been re- 
corded, it was suggested that we should determine 
the actual noise levels to which these studios are 
subjected. 

Recordings of aircraft noise were made with a 
microphone on the roof of the office block at Tele- 
vision Centre during one entire week. Comments 
from personnel occupying the office in which the 
recording equipment was sited indicated that sub- 
jectively the noise levels were not as high during 
this period as some time previously when a different 
runway was in use. 

Fig. 8 shows the maximum sound pressure 
levels in each octave band found during this period. 
The levels at frequencies between 250 Hz and 
1 kHz are somewhat higher than average values 
expected on the basis of the distance of 11 km from 
London Airport. These levels were, however, only 
approached by about five aircraft during approxi- 
mately 60 hours of recording and they are within 
the extremes expected. 
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Fig. 6 - Weighted noise levels as a function of distance from the perimeter of London Airport 
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Fig. 7 - Measured aircraft noise spectra at different distances from an airport periphery 

A - Aircraft taking off (a) 2 km 

(b) 3 km 
(C) 5 km 



B - Aircraft landing 
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Fig. 8 - Aircraft noise levels measured at Television Centre 21-25 March 1966 



5. NOISE LEVELS OVER A STUDIO CENTRE 

5.1. Jet Aircraft Noise 

In general, airports are at a distance of 8 km 
or greater from the centre of a city. The only 
exception to this rule is Southampton where pre- 
sumably only light aircraft operate. For the larger 
airports, such as Heathrow, the distances are 
appropriately greater. 

In general, BBC studio centres are at a dis- 
tance not greater than 5 km from the centre of a 
city since ease of access is a major consideration 
in their planning. 

Thus the chances of a studio centre being 
3 km or less from an airport are very small. The 
closest approach at present is Glasgow where 
Broadcasting House lies approximately 5*5 km 
from Renfrew and will be approximately 8 km from 
/Abbotsinch. 

The maximum noise levels to be expected over 
a studio centre distant, say, 6 km from a major 
airport seem at present likely to lie in a region 
from 90 to 95 dB in each octave band up to 1 kHz. 



Although an increase in the power available 
from aircraft is likely to continue, it seems possible 
that in line with the recommendations of the Wilson 
Committee the operation of the aircraft will be 
controlled so that the noise levels over built up 
areas do not exceed 110 PNdB. This limitation, 
if successful, would prevent noise levels rising 
significantly above 95 dB in any octave band up to 
1 kHz. The noise levels against which a studio 
roof might have to provide protection are shown in 
the table. If the limitation of noise levels is not 
successful the values of 100 dB proposed previously 
may be reached within 5 to 10 years. 



5.2. Helicopter Noise 

It has been suggested that the noise of heli- 
copters may present a problem in view of the re- 
stricted height at which they operate. Fig. 9 shows 
the noise levels from an S61N helicopter at a dis- 
tance of 120 m. Even with a 60 dB roof these 
noise levels are always at least 5 dB below an 
acceptable criterion curve. The recognisable 
characteristics of helicopter noise (blade slap) 
seem unlikely therefore to be audible inside a 
studio. 



TABLE 1 
Possible Octave Band Noise Levels over a Studio Centre 



Octave band centre 
frequency Hz 



63 125 250 500 1000 2000 
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Octave band noise level 
dBr.el.2 x 10" 5 N/m 2 
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Fig. 9 - Noise levels produced by S61N helicopter distant 120 m 



Higher noise levels would undoubtedly be 
found from a helicopter such as a Rotodyne with 
jet driven rotor, but its operation over a built up 
area is thought unlikely for the reason of the 
increased noise. A recent Japanese publication 
quoted pressure levels found on the ground beneath 
a helicopter landing or taking off. Until the estab- 
lishment of a heliport on the roof of a studio centre 
in this country these levels are only of theoretical 
interest. 



5.3. Sonic Boom 



A sonic boom is the audible feature of the 
shock waves generated by aircraft flying at super- 
sonic speed. Traffic routes between the Continents 
of Europe and America for commercial supersonic 
aircraft will cross this country and large areas may 
be subject to sonic booms. Consideration has been 
given to the protection necessary to prevent inter- 
ference with programme from such booms. 

The octave band sound pressure levels shown 
in Fig. 2(b) are those measured by Research Depart- 
ment during a demonstration of sonic boom. They 
correspond to a boom arising from a pressure jump 
of 95-8 N/m 2 (2 lb/ft 2 ) which is presently believed 
to be the maximum value likely to be accepted by 
an urban community. 



5 dB would require twice this thickness, and such 
roof weight would be unacceptable in view of the 
large walls and foundations required to support it. 
Insulations in excess of 60 dB will normally have 
to be provided by a double skin type of construction. 
If an adequate air space is provided and no serious 
mechanical coupling exists between the two skins, 
then a higher insulation for given weight can be 
obtained from such a construction. As an example 
of this increase in possible insulation, the roof of 
Studio A Glasgow has a total mass very little in 
excess of that proposed for the 60 dBroof mentioned 
above. For reasons unassociated with the acousti- 
cal effect a large air space (about 1*6 m) was left 
between the two skins and the resulting average 
insulation increased to approximately 85 dB. Such 
a large air space is not normally available. 



The curve (d) having the average sound level 
difference of 70 dB shown in Fig. 3 assumes 
sufficient isolation between the two skins for the 
insulation to rise at 10 dB per octave over most of 
the frequency range. Any resonance of the two 
skins with the air space between them will occur 
at a low frequency and this has been shown in a 
typical form by the flattening of the curves below 
125 Hz. The curves (c) and (b) for 67 and 64 dB 
average sound level difference were obtained by 
transposing the 70 dB curve downwards in two 
steps of 3 dB each. It will be assumed that each 
of these curves is obtained by a progressive 
lightening of the construction. 



6. ROOF INSULATION 



6.1. Sound Insulation of Roof Constructions 

In order to calculate the noise levels produced 
by aircraft inside a studio it was necessary to 
assume typical values for roof insulation; these 
were shown in Fig. 3. The simplest form of roof 
construction would be a single homogeneous skin 
of, say, reinforced concrete. Such a single skin 
would follow a "mass law" behaviour over a con- 
siderable frequency range, and would therefore 
have a sound insulation characteristic rising with 
frequency at a rate of 5 dB per octave. The 60 dB 
average sound level difference, curve (a) shown in 
Fig. 3, is of this type, and the mass necessary to 
provide an average value of 60 dB would be 635 
kg/m 2 (130 lb/ft 2 ). Such a roof would require 
approximately 250 mm (10 in.) of reinforced concrete. 

To increase the average insulation by a further 



As a result of the lower mass involved in the 
64 and 67 dB curves and the resonance which will 
exist between the skins, the insulation at about" 
125 Hz is significantly lower than for the single 
skin 60 dB curve. This produces audible and 
apparently anomalous differences in the demon- 
stration recordings. If these curves can be taken 
as typical of these forms of construction, there 
would seem to be no advantage in aiming at less 
than a 70 dB roof insulation from a double skin 
construction, particularly since the mass involved 
is little greater than that required for a single skin 
60 dB roof. 



6.2. Sound Insulation Required for Protection of 
Studios 



It is possible for each noise spectrum which 
we have discussed to calculate the sound level 
differences between the octave band noise level 
and a permissible background noise criterion. 
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Fig. 10 • Sound level differences between aircraft noise levels and permissible background noise levels 

(a) Jet noise spectrum used in 1966 demonstration recording (fe) Jet noise spectrum suggested in this report 

(c) Sonic boom (a) 70 dB roof insulation (e) 60 dB roof insulation 



Fig. 10 shows such sound level differences for the 
aircraft noise spectrum assumed in the 1966 demon- 
stration recording, for the spectrum proposed in 
Section 5.1 above and for sonic booms. For com- 
parison, Fig. 10 also shows the sound level diffe- 
rence curves for 60 and 70 dB roofs. The subjective 
evaluation described in Section 2.2 provided sub- 
stantial agreement with deductions from this figure 
since 70 dB was found sufficient to protect a drama- 
tic production from the noise levels assumed at 
that time to arise from jet aircraft. 

If it is now assumed that the lower levels 
proposed above represent a reasonable estimate of 
the noise levels to be found above a studio roof, 
then it seems probable that a roof providing 65 dB 
average sound level difference and having a slope 
of 10 dB per octave will be acceptable. As has 
been shown above such a roof must be of a double 
skin construction and the thickness of the individual 
skins will be set by practical constructional con- 
siderations. The reduction of overall sound insu- 
lation may permit a reduction in the air space or 
the introduction of some degree of coupling between 
the skins. For sonic booms both 60 and 70 dB 
roofs gave comparable subjective effects since the 
majority of the energy is at low frequencies. A 
reduction in insulation obtained from lighter skins 
or a closer spacing of the skins will render the 
booms heard in the studio more audible. However, 
in view of the probable infrequency of such booms 
this may be acceptable. 



7. CONCLUSIONS 

The noise levels which were used in the demon- 
stration of roof insulation are higher by about 5 dB 
than any which might at present be found over the 
roof of a studio centre. The levels were obtained 
for aircraft at 300 m altitude on take off and since 
it was envisaged that noise levels might continue 
to increase, an allowance (about 5 dB) was made 
for this increase. 

Some increase of noise from individual aircraft 
may have occurred in the period 1962 - 1966 and 
the number of aircraft producing these high levels 
will have increased greatly. In the absence of any 
over-riding control the levels used in the demon- 
stration tape might be reached in 5 to 10 years, 
which is well within the life expectation of any 
studio at present under construction. 

Some degree of control will exist if public 
opinion is expressed sufficiently strongly to force 
the implementation of the recommendations of the 
Wilson Committee on Noise. 

Even if such a control limits the maximum 
noise levels found over a studio centre to the 95 dB 
figure suggested above, it remains apparent that a 
roof insulation of at least 65 dB would be required 
to reduce such a noise to a level acceptable inside 
a television studio. Such a roof insulation must 
still come from a double skin construction. 
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